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Abstract 
Production of fatty acid ethyl ester (F AEE) from oleic acid (FF A) with ethanol under ultrasonic irradiation was 
investigated in this work. Batch esterification of oleic acid was carried out to study the influence of: including reaction 
temperatures of 10-60 °e, molar ratios of ethanol to oleic acid of I: I-I 0: 1, quantity of catalysts of 0.5 - 10% (wt of 
sulfuric acid/wt of oleic acid) and iITadiation times of 10 hour. The optimum condition for the esterification process was 
molar ratio of ethanol to oleic acid at 3: I with 5 wt% of H2S04 at 60 °e with an iITadiation time of 2 hour. The amount 
of oleic acid was reduced from 100 wt% to less than 10 wt% at the end of the esterification process. 
Keywords: Oleic acid; Ultrasound; Biodiesel; Esterification 
1. Introduction 
We have investigated the transesterification of triolein with regard to many parameters such as 
catalyst concentration, various catalysts, various alcohols, molar ratio, and test temperature under the 
stirring and ultrasonic irradiation conditions [1-4]. On the basis of the results obtained, the optimal 
condition for the transesterification of triolein was determined for many parameters. It is presumed 
that the optimal condition would be applied to the vegetable oils, exhausted oils and so on with the 
similar structure and composition as those of triolein. However, there are some oils including a 
significant high amount of free fatty acids (FF A) such as non-edible oils, animal fats and oils, 
recycled or waste oil and byproducts of the refining vegetable oils; for examples, crude mahua oil 
contains about 20 % FFAs [5], Jatropha oil contains about 14% free fatty acid (FFA) [6], Tobaco 
seed oils contains about 17 % FF A [7] and the waste oil (canola oil, derived from rapeseed oil 
(Brassica napus ssp. oleifera), free of erucic acid) contained 6% by weight of free fatty acid (FF A) 
[8]. If an oil contains higher amounts of FF A (> 1 %w/w), FF As form soap with the base catalysts. 
Consequently, it is considered that the ester conversion is decreased by the formation of soap that 
can prevent separation of the biodiesel fuel from the glycerin. At present, there was little data about 
the esterification of free fatty acids with alcohol under ultrasonic irradiation condition as well as the 
effects of molar ratio (ethanol to free fatty acid), acid catalyst concentration (H2S04, CH3COOH), 
and temperature. 
Therefore, in this paper, we tried to elucidate the esterification of FF As with ethanol for the 
parameters under the ultrasonic irradiation and stirring conditions by using acid catalyst, but not base 
catalyst. 
2. Experimental 
2.1. Reagents and materials 
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Free fatty acids (Oleic acid, palmitic acid, stearic acid) and catalysts (H2S04, CH3COOH) were 
purchased from Wako Chemicals; the alcohol (ethanol) purchased from Wako Chemicals had more 
than 99.5% purity. Analytical standards of ethyl ester were purchased from Wako Chemicals. 
2.2. Procedures 
A biodiesel fuel from free fatty acids with ethanol was investigated in the presence of various types 
of homogeneous acid catalyst. The temperatures were 10, 20, 30, 40, 50 and 60°C. The reaction 
mixtures consisted of oleic acid with ethanol and acid catalyst (H2S04, CH3COOH). The molar ratio 
of ethanol to oleic acid was I: I, 2: 1, 3: 1, 4: 1, 6: 1, and 10: 1 and the quantity of the homogeneous 
catalysts were 0.5, 1.0,2.0, 3.0, 4.0, 5.0, and 10%wt to the weight of oleic acid. All the experiments 
were conducted for 10 hour under the ultrasonic irradiation condition and stirring conditions. 
The stirring experiments were performed using a Matsushita Electric Ind., (SCV 35W stirrer at 1800 
rot/min). The ultrasonic experiments were carried out using a Honda Electronics Ultrasonic Cleaner 
(WS 1200-40,40 kHz with a maximum power of 1200W). The working power was set at 60% of 
the maximum power, which corresponds to 700W for 10L solution by calorimetry. After sonication, 
3 ml of reaction mixture was taken and neutralized immediately by a sodium hydroxide solution to 
stop the fmiher reaction. 
2.3 Analysis 
The samples were analyzed for ethyl ester, and glycerol by using a High Performance Liquid 
Chromatography (HPLC) (Shimadzu, SCL-I OAsp), which consisted of an ODS column (STR ODS-
II, 25cm in length x 4.6mm in inner diameter, Shinwa Ch. Ind. Co.) and refractive index detector 
(Shimadzu, RID-lOA) the temperature of column oven was kept at 40°C and flow rate of carrier 
solvent of acetone/acetonitrile (70/30) was 0.4 mllmin. The sample injection volume was 50ILI and 
the peak identification was made by comparing the retention time between the sample and standard 
compound. 
2.4 Statistical analysis 
All the experiments were carried out four times in order to determine the variability of the results 
and to assess the experimental errors. In this way, the arithmetical averages and the standard 
deviations were calculated for all the results. 
3. Results and discussions 
3.1 Effect of molar ratio (ethanol to oleic acid) on the ethyl ester COil version 
Fig. I shows the relationships between the ethyl ester conversion and reaction time at 20°C, molar 
ratio 311and 5 %wt H2S04 concentration under the ultrasonic irradiation condition and stirring 
conditions. As seen in Fig 1, the ethyl ester conversion increases rapidly at 1 hour and then 
increases gradually with reaction time under both conditions. In addition, the ethyl ester conversion 
appeared not to reach a steady state under both conditions. It was also found that the ethyl ester 
conversion under the ultrasonic irradiation condition was higher than under the stirring condition. In 
addition, we have found that there was no ethyl ester conversion at various molar ratios of ethanol to 
oleic acid with 5 %wt acetic acid concentration (CH3COOH) under the ultrasonic irradiation and 
stirring conditions. 
As seen in Fig. 2, although the behavior of the ethyl ester conversion is the similar to that in Fig. I at 
each molar ratio, the degree of the ethyl ester conversion depends largely upon molar ratio. From 
Fig. 2, the relationship between the ethyl ester conversion at an irradiation time of 10 hours and 
molar ratio is drawn as shown in Fig. 3. As seen in Fig. 3, the ethyl ester conversion increases 
rapidly with increasing molar ratio, reaches maximum at a molar ratio of 311 and then decreases 
gradually. 
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From these results, we can conclude that for the esterification of oleic acid, (1) the time to reach the 
maximum ethyl ester conversion is much longer and (2) the maximum ethyl ester conversion is 
smaller in comparison to those for the transesterification of triolein [1-4]. 
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irradiation condition. 
Fig. 3. Relationship between the ethyl ester conversion 
and molar ratio at 5%wt H2S04 concentration and 20 °e 
under the ultrasonic irradiation condition. 
Fig. 2 shows the relationships between the ethyl ester conversion and irradiation time at various 
molar ratios (ethanol/oleic acid), 5%wt H2S04 concentration and 20 DC under the ultrasonic 
irradiation condition. 
3.2 Effect of acid catalyst concentration 011 the ethyl ester conversion 
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conversion and irradiation time at various catalyst conversion and H2S04 concentration at molar ratio 
(H2S04) concentrations with molar ratio 3: I and 20 3/1 and 20°C under the ultrasonic irradiation 
°C under the ultrasonic irradiation condition. condition. 
Fig. 4 shows the relationships between the ethyl ester conversion and irradiation time at various 
catalyst (H2S04) concentrations, molar ratio 3: 1 and 20°C under ultrasonic irradiation condition. As 
seen in Fig. 4, in this case the ethyl ester conversion increased with increasing the catalyst 
concentration, although it can not reach the steady state even at an irradiation time of 10 hours. 
Fig. 5 shows relationship between the ethyl ester conversion and irradiation time at various catalyst 
concentrations (H2S04) at molar ratio 3/1 and 20°C under the ultrasonic irradiation condition. As 
seen in Fig. 5, the ethyl ester conversion increased with increasing catalyst concentration and 
became constant at a catalyst concentration of more than 5%\vt. 
Effect of temperature Oil the esterification of oleic acid 
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Fig. 6. Relationships between the ethyl ester 
conversion and irradiation time at various 
temperatures with molar ratio 311 and 5 %wt H2S04 
concentration under the ultrasonic irradiation 
condition. 
Fig. 6 shows the relationships between the ethyl ester conversion and irradiation time at various 
temperatures with molar ratio 3/1 and 5 %\\'1: H2S04 concentration under the ultrasonic irradiation 
condition. The ethyl ester conversion increased with increasing temperature as well as that of 
catalyst concentration. In addition, the time for the ethyl ester conversion to reach the steady state 
tended to becomes short with the increase in temperature; for example, the maximum ethyl ester 
conversion was obtained at 2 about hours at 60°C, but not at 10°C. 
5.3.4 Esterification of otherfatty acids (palmitic acid and stearic acids) 
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Fig. 7. Relationships between the ethyl esters 
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at 60°C, molar ratio 311 and 5 %wt H2S04 
concentration under the ultrasonic irradiation and 
stirring conditions. 
Fig. 7 shows the relationships between conversion of fatty acids (oleic, palmitic and stearic acids) 
and irradiation time at 60°C, molar ratio 3/1and 5 %wt H2S04 under ultrasonic irradiation condition, 
where the result obtained under the stirring condition was drawn in this figure for comparison. As 
seen in Fig. 7, the irradiation time dependence of the ester conversion was almost the same 
irrespective of a kind of free fatty acid. 
4. Conclusions 
Ultrasonic irradiation condition is efficient, time saving and economically functional for 
esterification of free fatty acid with ethanol to produce biodiesel fuel. The optimum condition for the 
production of ethyl ester under the ultrasonic irradiation condition was as follows: molar ratio of 
ethanol to oleic acid 3: 1 with H2S04 concentration of 5%wt and irradiation time 2 hour at 60°C. The 
increasing in the irradiation time, as well as molar ratio contributes to high conversion and quality of 
esters. The esterification of fatty acid with ethanol under ultrasonic irradiation provides a possibility 
for producing cheap alternative fuels, which could reduce pollution and protect the environment. 
Acknowledgements 
We thank the COE program supported by the Ministry of Education, Culture, SpOlis, Science and 
Technology. 
Hoang Duc Hanh thanks the Japan International Cooperation Agency (JICA) for his long term 
research scholarship at the Graduate School of Engineering, Osaka Prefecture University. 
References 
1. H.D. Hanh, N.T. Dong, K. Okitsu, Y. Maeda, R. Nishimura. Joumal of the Japan Petroleum Institue 50 (2007), pp. 195-199. 
2. H.D. Hanh, N.T. Dong, K. Okitsu, Y. Maeda, R. Nishimura. Energy Conversion and Management (2007)(Articles in Press). 
3. H.D. Hanh, N.T. Dong, K. Okitsu, Y. Maeda, R. Nishimura. Japanese Journal of Applied Physics 46 (2007), pp. 4771-4774. 
4. H.D. Hanh, N.T. Dong, K. Okitsu, Y. Maeda, R. Nishimura. Journal of Ecotechnology Research 13 (2007), pp. 105-108. 
5. Shashikant VG, Hifjur R. Bioresources Technology 97 (2006), pp.379-384 
6. A. Srivastava and R. Prasad. Renewable and Sustainable Energy Reviews 4 (2004), pp. 111-133. 
7. V.B. Veljkovic' ,S.H. Lakic'evic', O.S. Stamenkovic', Z.B. Todorovic', M.L. Lazic. Fuel 85 (2006), pp, 2671-2675. 
8. S. Zheng , M. Kates, MA Dube' , D.O. McLean. Biomass and Bioenergy 30 (2006),pp. 267-272) 
-368-
